Abstract. Self-compacting concrete is considered as a concrete which can be placed and compacted under its own weight without vibration. The elimination of the need for compaction leads to better quality concrete and substantial improvement of working conditions. This paper investigates the fresh state and mechanical properties of self-compacting concrete incorporating high volume fly ash. Fly Ash (FA) was mixed into self-compacting concrete (SCC) as a replacement for cement. Portland cement (PC) was partially replaced with 0%, 20%, 40% and 60% FA. The water to binder ratio was fixed at 0.4 for all mixtures. Tests were carried out on all mixtures to obtain the workability of self-compacting concrete in terms of viscosity by slump flow test (Diameter and T500), V-funnel and J-ring. The mechanical property tests were conducted on SCC cubes and cylinders to determine its compressive strength and modulus of elasticity. The results indicate that replacement of 40% fly ash is the optimum result for the workability and mechanical properties test. The highest compressive strength which is 27.2 MPa was achieved by SCC with 40% FA replacement. Modulus of elasticity increased with the increased percentage of fly ash except for 60% fly ash.
Introduction
Conventional concrete has been widely used in construction all over the world. It is the second consumed material after water in the world. The preparation of concrete includes batching, mixing, placing and compacting. It is essential to condense the concrete so that it should completely cover the reinforcement and fill all the space in the formwork to meet the strength and durability requirement. The air entrained in concrete during amalgamation has to be totally expelled out for getting uniform dense mass. If compaction is incomplete, it will lead to reduction in strength and performance of the concrete structure. The compaction becomes complex when percentage of reinforcement is high which does not allow insertion of vibrator at certain places. The vibration will also increase the noise level in and around the construction site [1] .
Self-compacting concrete (SCC) is a highly flowable non-segregated concrete which spread into place and does not require vibration. SCC is the modified concrete with the use of chemical (superplasticizers and viscosity modifiers) and mineral (fly ash, slag, silica fume) admixtures in the concrete [2] . It is designed generally with high content of fine material. The three essential properties of self-compacting concrete are its ability to flow under its own mass (filling ability), its ability to pass a Corresponding author : noridah@uthm.edu.my through congested reinforcement (passing ability), and its ability to resist segregation (segregation resistance). Advantages of SCC include faster construction, reduction in man power, easier placing, uniform and complete consolidation, better surface finishes, improved durability, increased strength and safer working environment. Recently, many countries report the benefits of SCC by eliminating the need for vibration, shorter construction period, lower overall costs and also improved health and safety conditions [3] . This paper reports the fresh state and mechanical properties of SCC incorporating high volume of fly ash. The fresh state properties of SCC were determined by using mixture designed by Bouzoubaa and Lachemi [4] . The mechanical properties of SCC which include density, compressive strength, and modulus of elasticity were determined by conducting a compressive strength test on SCC cubes and cylincers. All tests were conducted according to British Standard code [5, 6, 7] . Substituting Portland cement with fly ash will make the concrete more workable and suitable for the construction. SCC concrete incorporating high volume of fly ash is able to produce concrete with compressive strength similar or higher than conventional concrete.
Experimental Programme

Mixture design
Generally, batching of materials by volume are often used in the design of concrete mixture due to the importance of the need to fill the voids between the aggregate particles [8] . The hardened properties of SCC are expected to be similar to those of vibrated normal concrete. Laboratory and field tests have demonstrated that the SCC hardened properties are indeed similar to those of vibrated concrete. Table  1 shows the mechanical properties of SCC as obtained from Hajime et al. [3] .
Materials and methods
Self-compacting concrete specimen were formed by applying material such as cement, water, fine aggregate, coarse aggregates, fly ash and superplasticiser. Cube compression tests were conducted at 7, 28 and 56 days of curing ages. Table 2 shows the mixture proportion of the self-compacting concrete incorporating high volume of fly ash. Table 3 shows results for workability the fresh concrete as obtained from slump flow test (Slump flow diameter and T 500 ), V-funnel, V-funnel at T 5min and J-ring for various SCC compositions. The results from the workability tests were obtained as explained in the following sections. 
Slump flow test
Results showed that for the SCC control mixture, the slump flow spread diameter was 400 mm while for T 500 it did not achieve 500mm flow spread. With the presence of 20% fly ash the slump flow spread diameter and T 500 showed increment up to 625 mm and 7 s, respectively. The 40% fly ash mixture recorded optimum workability compared to 60% fly ash SCC mixture. However, the spreading range obtained was all within the acceptable range which is from 500mm to 700mm [2] . The result are shown in Figure 1 and Figure 2 below.
V-funnel test
The time measured using the V-funnel was in the range of 8 to 12 second depending mainly on the SCC mixture used. The lowest V-funnel flow time of 8 second was recorded for the SCC with 40% fly ash while the mixture with 60% fly ash had the highest flow time of 10 second. The graphical result is shown in Figure 3 . 01001-p.4
J-Ring test
For J-Ring test, the test is to determine passing ability of the concrete. The blocking step, B j, was determined by the average of the differences in height at four locations. Figure 4 shows the J-Ring result. Figure 5 shows the average value of compressive strength for each type of concrete for the respective age of curing. The control SCC recorded compressive strength of 42.7, 46.1 and 50.5 MPa, at 7, 28, and 56 days of age, respectively. SCC contains 40% fly ash recorded the highest value of compressive strength which is 27.2, 39.4 and 43.9 MPa at 7, 28 and 56 days, respectively. The lowest value of compressive strength goes to 60% fly ash which is 17.0, 22.6 and 28.5 MPa at 7, 14 28 and 56 days. 
Mechanical Properties
Compressive strength
Modulus of Elasticity
From the results shown in Figure 7 , concrete cylinder containing 40% fly ash show the highest value of modulus of elasticity (MOE) which is 31 GPa. In general, results of Modulus of Elasticity for Control SCC and other mixture showed the typical range for the static modulus of elasticity at 28 days based on British Standard, BS 8110 part 2, (1985). 01001-p.6
Conclusions
From the analyzed data, the main conclusions for the physical properties are:
i) The workability for fresh concrete increased as the percentage of fly ash increased except for the 60% fly ash. Overall result for Slump flow test (Diameter and T 500mm ), V-funnel test and J-Ring test showed a stable mixture for concrete was produced from various mixture of SCC with different percentage of fly ash. ii) A typical concrete mixture has the potential of producing lime. Fly ash chemically reacts with this lime to create more CSH, the same "glue" produced by the hydration of cement and water. 60% of fly ash has higher potential to produce more CSH compared to 40 % of fly ash. This is why the study showed optimum workability was obtained when SCC incorporated with 40% of fly ash. iii) High percentage of Fly ash can be used to produce SCC with an adequate strength. Using up to 60% fly ash as Portland cement replacement can produce SCC with a strength as high as 30 N/mm². Meanwhile, the main conclusions for the mechanical properties are:
i) The highest compressive strength was recorded by SCC mixture with 40% fly ash with 27. 
